Recent interest in the annexin 1 field has come from the notion that specific G-protein-coupled receptors, members of the formyl-peptide receptor (FPR) family, appear to mediate the antiinflammatory actions of this endogenous mediator. Administration of the annexin 1 N-terminal derived peptide Ac2-26 to mice after 25 min ischemia significantly attenuated the extent of acute myocardial injury as assessed 60 min postreperfusion. Evident at the dose of 1 mg/kg (~9 nmol per animal), peptide Ac2-26 cardioprotection was intact in FPR null mice. Similarly, peptide Ac2-26 inhibition of specific markers of heart injury (specifically myeloperoxidase activity, CXC chemokine KC contents, and endogenous annexin 1 protein expression) was virtually identical in heart samples collected from wild-type and FPR null mice. Mouse myocardium expressed the mRNA for FPR and the structurally related lipoxin A 4 receptor, termed ALX; thus, comparable equimolar doses of two ALX agonists (W peptide and a stable lipoxin A 4 analog) exerted cardioprotection in wild-type and FPR null mice to an equal extent. Curiously, marked (>95%) blood neutropenia produced by an anti-mouse neutrophil serum did not modify the extent of acute heart injury, whereas it prevented the protection afforded by peptide Ac2-26. Thus, this study sheds light on the receptor mechanism(s) mediating annexin 1-induced cardioprotection and shows a pivotal role for ALX and circulating neutrophil, whereas it excludes any functional involvement of mouse FPR. These mechanistic data can help in developing novel therapeutics for acute cardioprotection.
conclusive evidence (for recent commentaries, see refs 1, 2) . It is now generally accepted that activation of circulating PMN and subsequent infiltration into the myocardial tissue have a causal link in I/R-induced heart tissue damage (3) (4) (5) (6) (7) (8) . These processes are part of the local inflammatory processes initiated in the ischemic and postischemic heart, which all contribute to the remodeling process (3) . Nonetheless, many other inflammatory mediators generated in the early phases of the I/R response contribute to the early reperfusion damage (9) , including radical species, cytokines (10) (11) (12) (13) (14) (15) (16) (17) , and chemokines (8, 18) .
We have recently reported on the ability of exogenously administered annexin 1 (ANX-A1) to markedly attenuate I/R injury in the rat heart. Treatment of rats with human recombinant ANX-A1 (8) or with its N-terminal derived peptide Ac2-26 (19) inhibited the acute injury measured 2 h postreperfusion by >50%. This cardioprotective effect was associated with reduced tissue levels of proinflammatory chemokines and cytokines and appeared related to a reduced degree of tissue infiltration by blood-borne PMN (8, 19) , as determined using histological analyses and by measuring myelo-peroxidase activity.
ANX-A1, originally described as a glucocorticoid-inducible protein (20) involved in the early feedback inhibition of the hypothalamus-pituitary adrenal axis (21) , exerts inhibitory effects on the process of leukocyte extravasation (22, 23) . Intravital microscopy studies have highlighted ANX-A1-dependent alterations in the degree of PMN recruitment, with a particular efficacy in blocking the transition between leukocyte adhesion to leukocyte emigration (or diapedesis) (24) . Data obtained in these initial models of innate inflammation have subsequently been supported by models in which I/R-mediated tissue recruitment of blood borne cells was determined (25) .
Recent interest to the ANX-A1 field has come from the notion that specific G-protein-coupled receptors, members of the formyl-peptide receptor (FPR) family, might mediate its protective action. An initial in vitro study has highlighted the role of FPR in the anti-migratory effects of ANX-A1-derived peptides (26) ; however, a subsequent study detected direct interaction between endogenous and exogenous ANX-A1 with another member of the FPR family, the lipoxin A 4 receptor or ALX (27) . Importantly, the ANX-A1/ALX interaction was also supported by binding experiments. However, the distinct role that these two, and possibly more, receptors of this family plays in mediating specific ANX-A1 effects in inflammation and tissue injury is unclear. We have used genetically deficient mice (28) to observe a partial involvement of mouse FPR in the anti-migratory actions of ANX-A1 and its peptides in a model of peritonitis (29) . However, when I/R-induced leukocyte endothelium interaction in the mouse mesenteric microcirculation was monitored, it was found to be highly susceptible to the inhibition afforded by peptide Ac2-26 and to be partly independent from FPR (30) . This aspect was significantly evident when the leukocyte detachment phenomenon was monitored, a response that was unaltered in FPR knockout (KO) animals and mimicked by a lipoxin A 4 stable analog (30), a known agonist at mouse ALX (31) . Thus, it seems that a functional link between ANX-A1 peptides and ALX is maintained in the murine systems and its receptors. However, no studies have yet determined the potential receptor involvement in the cardioprotective effects of ANX-A1 and its peptides.
The present study used a combined genetic and pharmacological approach to gain information on the receptor mediating ANX-A1 cardioprotection. The data obtained indicated a lack of involvement of mouse FPR in the inhibition that peptide Ac2-26 affords on mouse acute myocardial I/R injury, despite the receptor being present in the heart tissue, and rather indicate a possible role for mouse ALX.
MATERIALS AND METHODS

Animals
A colony of FPR KO mice (28) , backcrossed with C57Bl/6 for six generations, was bred on site, with breeding pairs being kindly donated by Drs. P. M. Murphy and J.-L. Gao (Laboratory of Host Defenses, NIAID, NIH, Bethesda, MD). FPR KO and C57Bl/6 mice (purchased from B&K Universal Ltd., Hull, UK), used as wild-type (WT) controls, were maintained on a standard chow pellet diet with tap water ad libitum using a 12 h light/dark cycle. Animal experimental work was performed according to Home Office regulations (Guidance on the Operation of Animals, Scientific Procedures Act, 1986).
In vivo I/R injury of the mouse heart
Surgical procedure
The mouse MIR surgical protocol and infarct size determination were performed similar as recently described (18) . Animals were anesthetized with diazepam (6 mg/kg sc) and Hypnorm™ (0.7 mg/kg fentanyl citrate and 20 mg/kg fluanisone im), and a tracheotomy was performed for artificial ventilation (Harvard Apparatus, AH 40-1000). The tidal volume of the respirator was set at 1 ml/min, with the rate set at 100 strokes/min, and was supplemented with 100% oxygen. Core body temperature was maintained at 37°C with the use of a rectal thermometer attached to a heating pad. The right carotid artery was cannulated with PE-10 tubing, and the mean arterial blood pressure (MABP) and heart rate (HR) were continuously recorded by a MacLab system (AD Instruments, Chalgrove, UK). HR was automatically calculated from the blood pressure. A rectal thermometer was inserted, and the mice were kept at a constant body temperature of 37-38°C by a homeothermic blanket.
After completion of the surgical procedures, mice were allowed to stabilize for 30 min before ligation of the left anterior descending coronary artery (LADCA) was performed using a 6/0 silk suture (attached to a 10 mm micropoint reverse cutting needle; Ethicon, W593 7/0 BV1, Edinburgh, UK). Ischemia was confirmed by the appearance of hypokinesis and pallor distal to the occlusion and a fall in MABP. After a 25 min period of myocardial ischemia, the clip was removed so that the tension on the ligature was released and reperfusion (visually confirmed) occurred for 60 min.
Measurement of area at risk and infarct size
At the end of the reperfusion period, LADCA was re-occluded and Evans blue dye (1.5 ml of a 1% w/v solution in PBS; Sigma-Aldrich, Poole, UK) was injected into the carotid artery catheter to delineate the area at risk (AAR). The heart was removed, and the left ventricle (LV) was excised and weighed. After this procedure, the heart was sectioned transversely into five sections with one section being made at the site of ligature, and each section was weighed. Sections of the ventricle above the site of the ligature were uniformly completely blue. Sections of the ventricle from the level of the ligature to the apex that were not blue (defining the AAR) were then incubated in 1.5% w/v triphenyltetrazolium chloride in PBS (TTC; Sigma-Aldrich). After TTC staining, viable myocardium stains brick red and the infarct appears pale white (see Fig. 1 ). The area of infarction for each slice was determined by computerized planimetry using an image analysis software program (NIH 1.57 Image Software, NIH).
Color enhancement was used to accentuate the differences between areas stained in blue, red, or that remain pale. The size of infarction (IS) was determined by the following equation:
where A is percent area of infarction by planimetry from subscripted numbers 1-5 representing section and WT is weight of the same numbered sections. Percentage of infarcted LV is obtained from the equation (WT of infarction/WT of LV) -100, as described previously (32) .
Drug treatment
The ANX-A1 mimetic peptide Ac2-26 (Ac-AMVSEFLKQAWFIENEEQEYVQTVK) was purchased from Tocris Cookson (Bristol, UK). The dose range used (0.3-1 mg/kg corresponding to 13-30 µg per mouse; MW, 3065) was chosen from previous studies (19, 30) . Doses of the antagonist Boc2 (N-t-butyloxy-carbonyl-Phe-D Leu-Phe-D Leu-Phe) were also based on these previous studies, and it was obtained from ICN Pharmaceuticals Ltd. (Basingstoke, UK). The high affinity ALX agonist W peptide (Trp-Lys-Tyr-Met-Val-D Met or WKYMVm; MW, 856) was synthesized by the Advanced Biotechnology Centre (Imperial College School of Medicine, London, UK) by using solid-phase stepwise synthesis. Purity was >95% as assessed by HPLC and capillary electrophoresis (data supplied by the manufacturer). W peptide was administered at doses of 5-10 µg per mouse (0.15-0.3 mg/kg), since equimolar to the active doses of peptide Ac2-26. The lipoxin A 4 analog 15-epi-16-(parafluoro)-phenoxy lipoxin A 4 methyl ester (ATLa-ME) was a kind gift of Dr. C. N. Serhan (Harvard Medical School, Boston, MA) and was given at the dose of 5 µg per mouse (equivalent to 11 nmol). In all cases, animals received compounds or saline (100 µl) at the beginning of reperfusion phase.
In vitro procedures
RT-PCR
Total RNA was isolated from heart tissue using RNeasy spin columns (Qiagen, Crawley, West Sussex) using a modified protocol for heart tissue according to the instructions of the manufacturer. Briefly, heart tissue samples (30-50 mg) were homogenized in RLT buffer and treated with 10 mg/ml proteinase K (10 min at 55°C). Total RNA yield was determined spectrophotmetrically, and 2 µg RNA were reverse transcribed using 2 µg oligo(dT) 15 primer (Promega, Southampton, UK), 10 units AMV reverse transcriptase, 40 units RNase inhibitor (Promega), and 1.25 mM each dNTP for 20 min at 42°C. The resultant cDNA was used for PCR using murine FPR (1095 bp), ALX (1055 bp), or GAPDH (363 bp) primers. The primers for FPR and ALX were designed to amplify the entire cDNA and have been already reported (30) . PCR was performed on 5 µl of the reverse transcribed cDNA in the presence of 25 pmol of each primer, 1.5 mM MgCl 2 , 0.2 mM each dNTP, and 2.5 units Taq polymerase (Invitrogen, Paisley, UK). Samples were denatured for 5 min at 94°C followed by 94°C for 1 min, 60°C for 1 min, and 72°C for 1 min for a total of 35 cycles. A final extension step at 72°C for 10 min was also included. All RT-PCR was performed on a TouchDown TM thermal cycler (Thermo Electron Corporation, Basingstoke, UK). Samples were visualized on 1% agarose gels containing ethidium bromide, and gel images were analyzed by densitometry using NIH Image 1.63.
Histology
Preparation of the tissue sections for histological analysis was similar to a previously published protocol (19) . Briefly, animals (WT or FPR KO) subjected to sham operation, I/R plus vehicle, or I/R plus peptide Ac2-26 (1 mg/kg) at the start of reperfusion, were killed by cervical dislocation at the end of the experimental protocol. Hearts were promptly removed, and the AAR was determined and snap-frozen in liquid nitrogen. Transversal (from apex-base axis) sections (10 µm) from two randomly chosen small tissue fragments derived from the AAR were cut. Tissue fragments were fixed in 4% paraformaldehyde and 0.5% glutaraldehyde, 0.1% sodium cacodylate buffer (pH 7.4), for 24 h at 4°C; then washed in sodium cacodylate and dehydrated through graded percentages of ethanol; and embedded in LRGold (London Resin Co., Reading, Berkshire, UK). Sections (0.5 µm thick) were stained with 1% toludine blue in 1% borax solution (TAAB, UK) before examination on an Axioskop 2-mot plus Zeiss microscope (Carl Zeiss, Jena, Germany).
Western blot analysis
In separate experiments, sham or infarcted hearts were infused with saline to remove excess blood and the left ventricles were homogenized in 50 mM Tris-HCl (pH 7.2), containing 1 µM leupeptin, 1 µM pepstatin A, 200 µM phenyl-methylsulfonylfluoride, and total protein concentration was determined according to Bradford. To detect ANX-A1, protein extracts (30 µg) were loaded onto a 10% SDS-PAGE for electrophoresis together with the appropriate molecular weight markers and transferred to ECL Hybond nitrocellulose membrane. Reversible protein staining of the membranes with 0.1% Ponceau S in 5% acetic acid was used to verify even protein transfer. Membranes were incubated overnight in 5% nonfat dry milk together with a rabbit polyclonal antibody raised against full-length human ANX-A1 (1:1000; kindly donated by Dr E Solito, Imperial College, London) in phosphate buffered saline with 0.1% Tween 20 (PBST). This was followed by 30 min washing with PBST and incubation for 60 min at room temperature with peroxidase-conjugated goat anti-mouse IgG (1:2000) , and immunoreactive proteins were detected using an enhanced chemiluminescence ECL kit (Amersham, UK). Relative band intensity was quantified using NIH image software 1.63.
Measurement of PMN influx and activation
Selected heart samples were obtained from other WT or FPR KO mice subjected to sham operation, I/R and I/R + peptide Ac2-26 as described above. Samples were minced and homogenized in a phosphate buffer containing 0.5% hexadecyl trimethylammonium bromide (HTAB) detergent. PMN accumulation was measured by comparing MPO activity in tissue extracts with that measured from extracts prepared from known numbers of mouse neutrophils (elicited in the peritoneal cavity of other mice by injection of thioglycollate). For the enzymatic reaction, a mixture HTAB buffer (25 µl), K-Blue substrate® (tetramethylbenzidine; 100 µl; Sigma-Aldrich, Poole, UK), and samples (25 µl) were added to a 96-well plate and optical density (OD) readings at 620 nm were taken at 5 min intervals for 30 min, using GENios (TECAN, Reading, UK). Values were plotted, and a reaction rate (OD/time) was measured from the initial slope of the curve. A calibration curve was then produced, with the rate of reaction plotted against the number of PMN in the standard samples. This was used to convert reaction rates to number of neutrophils for the heart sample homogenates. Levels of the CXC chemokine KC (CXCL1) in heart tissue extracts were determined with an enzyme linked immunoabsorbant assay (Quantikine™ immunoassay kit; R&D Systems; sensitivity 0.001 pg/ml).
Statistical analysis
All values are means ± SE of, with number (n) of animals per group where stated. Statistical analysis for the intravital microscopy studies was assessed either by Student's t test (2 groups) or by one-way ANOVA followed by Bonferroni post-hoc test (>2 groups). Differences among groups in in vitro experiments were determined by the Mann-Whitney test. In all cases, a probability value of P < 0.05 was considered significant.
RESULTS
Peptide Ac2-26 protects against acute myocardial I/R in WT and FPR KO
Initially, we tested whether peptide Ac2-26 retained its cardioprotective properties in a murine model of I/R-induced myocardial damage. When administered at a dose of 1 mg/kg (corresponding ~30 µg or 9 nmol/mouse) immediately after LADCA reopening, peptide Ac2-26 afforded significant cardioprotection (Fig. 1) . Figure 1A illustrates the visible changes in coloration seen in representative tissue slices, highlighting the ischemic area (which did not retain staining; Fig. 1b) , and the reversibility of this effect with peptide Ac2-26 ( Fig. 1c) that brings staining grossly back to sham tissue (Fig. 1a) . Whereas administration of peptide Ac2-26 did not modify AAR values (Fig. 1B) , significant attenuation of myocardial tissue damage was measured, with an ~40% reduction (Fig. 1C) . The lower dose of 0.3 mg/kg peptide Ac2-26 (corresponding to 10 µg or 3 nmol/mouse) did not produce significant protection. In line with the study in the rat (19) , the Boc2 antagonist abrogated the inhibitory effect of 1 mg/kg peptide Ac2-26 (Fig. 1C) . More importantly, gene deficiency in mouse FPR did not affect the cardioprotection afforded by peptide Ac2-26 (Fig. 2) . Administered at the dose of 1 mg/kg, peptide Ac2-26 markedly attenuated tissue damage, as measured 60 min postreperfusion. The antagonist Boc2 fully prevented the cardioprotective effect of peptide Ac2-26 even in FPR KO mice (Fig. 2B) . In either genotype, none of the treatments modified the AAR values (Figs. 1B and 2A)
Occlusion and subsequent reperfusion of LADCA (control vehicle) did not significantly modify MABP, HR, or PRI with respect to sham-operated mice, except the expected modest reduction in HR seen at the end of the ischemic period in WT and FPR KO (Tables 1 and 2, respectively) . Treatment of animals with peptide Ac2-26 alone or together with Boc2 did not modify any of these figures (Tables 1 and 2 ).
These protective actions of peptide Ac2-26 were also confirmed at the histological level (Fig. 3) . Classical alignment of cardiac fibers was seen in heart tissue samples taken from sham WT or FPR KO mouse (Fig. 3A-B) . I/R produced marked damage easily detectable by loss of fiber organization and mitochondrial swelling (Fig. 3C-D) . Administered at the beginning of reperfusion, peptide Ac2-26 afforded protection, with an evident proportion of the ischemic tissue retaining its integrity (Fig. 3E-F) . In line with the colorimetric and quantitative analyses ( Figs. 1 and 2 ), the effect of peptide Ac2-26 was visibly identical in WT and FPR KO mice.
Peptide Ac2-26-mediated cardioprotection and markers of tissue inflammation
Myocardial injury was associated with accumulation of PMN as detected by measuring MPO activity into the AAR. Figure 4A shows this increase in equivalent PMN numbers in the infarcted heart with respect to the values measured in hearts collected from sham-operated animals. Administration of the protective dose of peptide Ac2-26 (1 mg/kg) produced significant attenuation in these values, hence in the number of PMN, as measured 60 min postreperfusion (Fig. 4A) . The effect was similar in WT and KO mice, with calculated net inhibitions of 55 and 45%, respectively (not significant between the 2 genotypes).
Histological assessment of the infarcted myocardium showed the presence of leukocytes in the blood vessels of the myocardial tissue. Leukocytes were clearly detected both on the endothelium of myocardial blood vessel as well as into the perivascular connective tissue, selectively after the I/R procedure (Fig. 4B) but not in the heart of sham-operated animals (not shown). Treatment of mice with 1 mg/kg peptide Ac2-26 reduced the extent of leukocyte recruitment: Fig. 4C shows a representative vessel in which some intravascular, but few extravasated, cells were seen. These photographs refer to heart tissue collected from WT mice, but similar results were obtained in FPR KO mice (data not shown).
Changes in the extent of leukocyte interaction with myocardial vessels were associated with parallele changes in the tissue content of the CXC chemokine KC. The results obtained mirrored those referring to MPO activity, though treatment with peptide Ac2-26 practically abolished I/Rinduced increase in KC levels in either WT or FPR KO mice (Fig. 4D) .
Finally, endogenous ANX-A1 expression was also monitored by Western blotting analysis. Whereas sham-operated hearts did not express much of the protein, leukocyte infiltration associated with I/R increased ANX-A1 protein content to detectable levels (Fig. 5A) . Both ANX-A1 isoforms were detected, with molecular masses of 37 and 33 kDa; Fig. 5A shows a representative blot with different tissue samples prepared from WT mice, however, similar results were obtained for FPR KO mice (not shown). Myocardial ANX-A1 protein expression was increased after I/R and significantly attenuated by peptide Ac2-26 administration at LADCA re-opening ( Fig. 5A and B) . The effect of peptide Ac2-26 was evident on both isoforms and in either mouse genotype, with the exception of the intact protein (37 kDa) in FPR KO mice (Fig.  5B) .
Mouse ALX and circulating PMN
Finally, we monitored mouse ALX expression in the heart of WT and FPR KO mice. Genomic DNA analyses confirmed the expression of the correct genes in both mouse genotypes, with clear evidence of the construct used to disrupt the FPR gene in KO animals (Fig. 6A) . mRNA for both receptors was also detected in naïve myocardial samples. Figure 6A , right panel, shows a representative RT-PCR from a WT mouse; interestingly, there was an evident increase in ALX message after I/R, though analysis of few distinct samples showed that this was not a consistent result (Fig. 6B ).
Then, we tested the effect of ALX agonists W peptide (33) and ATLa-ME (34). Injected at doses of 5 and 10 µg per mouse (corresponding to 5.5 and 11 nmol/mouse, or 0.15-0.3 mg/kg), W peptide displayed a dose-dependent cardioprotective effect with similar degree of protection in WT and FPR KO mice (Fig. 6C) . The lipoxin A 4 analog also afforded cardioprotection. In FPR KO mice administered at the dose of 5 µg per mouse immediately after LADCA re-opening, ATLa-ME reduced myocardial infarct (expressed as %AAR) to 20 ± 2 from the 54 ± 2 values measured in vehicle-treated mice (n=4, P<0.05). MABP, HR, and PRI values were measured for both W peptide and ATLa-ME groups, and they were in line with those reported in Tables 1 and  2 (data not shown).
In the last set of experiments, we tested an anti-neutrophil serum RB68C5. Pretreatment of WT mice with the anti-neutrophil serum selectively reduced the number of circulating neutrophils by >90%, without significantly altering the values for mononuclear cells (Table 3) . However, RB68C5 did not affect the extent of acute myocardial damage as measured 60 min postreperfusion (Fig. 7B ) nor did it affect the AAR (Fig. 7A) . Interestingly, peptide Ac2-26 cardioprotective effect was no longer detected in neutropenic mice (Fig. 7B) .
DISCUSSION
This study describes the protective effect of the ANX-A1 mimetic peptide Ac2-26 in a recently developed murine model of acute myocardial I/R-induced damage and provides conclusive evidence on the receptor(s)/mechanism(s) involved. Using an integrated transgenic and pharmacological approach, we could exclude any involvement of FPR in the protection afforded by peptide Ac2-26, whereas a less convincing involvement of blood-borne PMN is also apparent. Finally, indications for a functional involvement of ALX were obtained.
Two studies of myocardial I/R injury in the rat have described the ability of ANX-A1 and its peptido-mimetics to afford cardioprotection (8, 19) ; however, the search for the potential receptor target mediating these effects has been so far elusive. Using the Boc2 antagonist, also used in the present study, we proposed an involvement of a receptor of the FPR family (19) . A breakthrough study of Walther et al. (26) proposed the existence of a functional interaction between ANX-A1 N-terminal peptides and FPR, raising a novel interest in the ANX-A1 field. The possibility of identifying the molecular receptor(s) responsible for the biological actions of this protein and its peptido-mimetic represents a major advancement and could have therapeutic impact to capitalize on over 20 yr of investigations on this anti-inflammatory mediator. However, further analyses of a series of in vitro and in vivo experimentations suggested that FPR was not the sole or the major ANX-A1 receptor. Lack of binding data showing direct interaction with FPR (26) and observation of different profiles of effect between ANX-A1 and formylated peptide (35) have led to some confusion in the field. In the present study, postischemic treatment with peptide Ac2-26 produced a dose-dependent cardioprotection associated with a marked reduction in local markers of tissue inflammation, including MPO activity (36) and levels of the CXC chemokine KC and of endogenous ANX-A1 (19, 37) . These findings are similar to those obtained in the rat model, though development of the mouse model allowed us the use FPR KO mice. These animals appear to resemble their WT counterparts apart from the fact that they display higher susceptibility to experimental infection (28) . The inhibitory and protective actions of peptide Ac2-26 on I/R-induced heart injury were intact in mice deficient for FPR, clearly indicating the lack of involvement of this receptor in this specific action of this antiinflammatory compound.
In line with our previous study (19) , peptide Ac2-26 cardioprotection was sensitive to the FPR antagonist Boc2 (38). However, we now know that derivatives bearing the bulky tertbutyloxycarbonyl group interact also with other receptors of the family (30) . At least five distinct receptors of the FPR family have been identified in the mouse (39). Having established the lack of involvement of FPR, in the next part of the study we focused on mouse ALX. This selection was supported by two notions: first, ANX-A1 and its peptide compete for lipoxin A 4 binding to human ALX (27) ; and, second, as for ANX-A1, this lipid agonist activates mouse ALX to downregulate PMN functions and trafficking (31, 40) . Mouse heart tissue samples expressed ALX mRNA (as they did for FPR mRNA). The same is true for mouse PMN in which we confirmed ALX expression both at the mRNA and protein level (30) . Relevantly, Boc2 blocks ALXmediated functions, as detected in WT and FPR KO (30). These molecular analyses were then supported by a functional study of another agonist at this class of receptors. Originally identified as a more potent agonist at human ALX than FPR (41, 42), W peptide has then been found to be a potent activator also of mouse FPR (33) . In our hands, administration of W peptide immediately after re-opening of LADCA produced a dosedependent cardioprotective effect at doses comparable to those required for peptide Ac2-26. Importantly, W peptide cardioprotection was fully retained also in FPR KO mice. Altogether these data indicate that a Boc2-sensitive receptor, different from FPR and likely to be ALX, mediates the cardioprotective actions of the ANX-A1 mimetic in acute myocardial I/R-induced injury. However, due to multiplicity of murine receptors present in the FPR family (39, 43), some precaution must be taken and we cannot exclude that other members might be mediating at least part of these cardioprotective actions. In the human system, for instance, W peptide is also a potent agonist for human FPR-like 2 receptor (44) and the same has recently been reported for peptide Ac2-26 (45). The involvement of mouse ALX in the present experimental system, though, is reinforced by the inhibition obtained with the selective ALX agonist ALTa-ME (34). Analysis of the data obtained with peptide Ac2-26, W peptide, and ATLa-ME indicates comparable potencies and efficacies for all these ALX agonists.
Comparative analysis of ANX-A1 physio-pharmacological effects suggests that distinct receptors, likely all belonging to the FPR family, mediate the actions of this anti-inflammatory mediator in a tissue specific fashion. Using a peritonitis model, we could highlight a fundamental role for mouse FPR in mediating the anti-migratory properties of peptide Ac2-26, but this was only partially true for full-length ANX-A1 (29) . However, direct observation of the leukocyteendothelium interaction by intravital microscopy analysis of postischemic mesenteric venules demonstrated that a significant proportion of the anti-adhesive effect of peptide Ac2-26 was unaltered in FPR KO mice. We now show that FPR is not involved in acute myocardial protection afforded by peptide Ac2-26 in the mouse model; the same may be applicable to the effects of these peptides on the isolated pituitary (46) . Thus, in analogy to other mediators, it appears that different ANX-A1 receptors mediate specific inhibitory actions in different tissue sites and organs. It is also noteworthy that the ANX-A1 system is particularly potent at inhibition of ischemia-(47) and I/R-mediated vascular (25, 30) and myocardial (8, 19) inflammation.
The final part of the study yielded, perhaps, the most intriguing and thought-provoking observation. The issue of the causal role of the blood-borne PMN in acute myocardial I/R injury has created disparate views and conflicting experimental data (see Introduction for a succinct summary). Previously, based on histological analysis and MPO measurements, we have linked the acute (1-2 h) cardioprotective effect of ANX-A1 and derived peptides to local inhibition of PMN adhesion and recruitment (8, 19 ). Here we have used an anti-PMN serum known to cause prolonged neutropenia (48) to investigate the functional relationship between ANX-A1 and PMN. Administered at the dose of 150 µg, antibody RB68C5 reduced circulating PMN by >90%, as measured at the 24 h time point. This value is in line with those obtained in other studies (48) (49) (50) . Importantly, the acute damage provoked in the myocardium by I/R was not affected by treatment with antibody RB68C5. However, and intriguingly, the cardioprotective effect of peptide Ac2-26 was lost in mice pretreated with RB68C5. Thus, it seems that circulating PMN play an ancillary, important but not exclusive, role in the damage associated with acute myocardial I/R injury. Another explanation, at least at the theoretical level, is that blood PMN play a protective, rather than detrimental, role in this acute model. However, even with this alternative hypothesis, not supported by the fact that ANX-A1 and peptide Ac2-26 have long been known to inhibit PMN adhesion and trafficking (9, 22, 51) , RB68C5 should have increased infarct size, whereas the antibody was inactive when given on its own. It is noteworthy that a similar dichotomy of behavior has been reported for inducible nitric oxide synthase and the acute cardioprotection mediated by statins. In mice null for inducible nitric oxide synthase, myocardial I/R injury was not different from WT animals however the protective properties of simvastatin were no longer evident. Thus, nitric oxide derived from the inducible enzyme is functionally involved only in the cardioprotective effect of the pharmacological agent, whereas it did not affect the pathological process per se.
The uncertain and perhaps ancillary role of circulating PMN discussed above could be at the basis of the discrepancy reported in the literature (1, 2; see also Introduction). It is also possible that other leukocyte types might play an accessory or singular role in this mouse model, an example being the T lymphocyte (53) (54) (55) .
To conclude, this study has investigated the receptor mechanism(s) responsible for the acute cardioprotection afforded by peptide Ac2-26. The data obtained show the lack of involvement of FPR, though expressed in the myocardium, and suggest a potential role for mouse ALX. It is likely that ALX-bearing PMN might be the target, in view of the functional data produced with antibody RB68C5. It cannot be excluded that the adherent/migrated PMN might produce other ALX agonists, e.g., lipoxin A 4 or endogenous ANX-A1, which in itself might act on the myocardial ALX. Finally, in the context of cardioprotection and ANX-A1-derived peptides, it must be highlighted that, though these mediators were inactive in the rat isolated heart (Langerdoff) preparation (8) , in vitro efficacy of peptide Ac2-26 on rat cardio-myocytes has also been reported, though using much longer incubation times (24 vs. 1-2 h) (56) . It is therefore possible that multiple mechanisms closely related to cell type as well as the postinjury time examined might be modulated by ANX-A1 and its mimetics. Investigation of the ultimate effect of the ANX-A1 system on activation may lead to the design of novel therapeutics with potential efficacy on I/R-mediated injury including myocardial infarct. Mice were treated ip with anti-neutrophil serum (RB68C5; 150 µg/mouse in 200 µl PBS) for 24 h before myocardial I/R. A cell count was taken upon cannulation of carotid artery. Data are means ± SE of n = 6 mice/group; *P < 0.05 vs. control value. Fig. 1 and Fig. 2. A) Representative Western blot analysis of endogenous annexin 1 expression in WT mice subjected to sham (S), I/R alone, or I/R + 1 mg/kg peptide Ac2-26 (P). Two preparations of mouse PMN were used as control. Blots were stained for ANX-A1 and then stripped and stained for tubulin to monitor protein loading. Densitometric analysis of ANX-A1 in WT and FPR KO is shown for both 37 kDa isoform (B) and cleaved 34 kDA isoform (C). Values in B and C are means ± SE of n = 6 mice/group. *P < 0.05. 
